There are several prosthetic knee designs currently in use. There are however very few studies comparing long-term functional outcomes between patients using different models of knee prosthesis in elective knee replacement. In this study, we used the validated Oxford Knee Score (OKS) to retrospectively compare the outcomes of a total of 1635 patients who had an elective total knee replacement in a large District General Hospital, using fifteen different models of knee prosthesis, over a ten-year period. The average scores reported by all patient groups showed significant improvement by three months post-operatively (pre-operative mean score 15.8, post-operative mean score 39.4, p < 0.05), and remained similar for all models of prosthesis used over the total ten-year period. Based on the OKS as an assessment tool, we report no significant difference in long-term functional outcomes for this group of patients following an elective knee replacement, regardless of the type of prosthesis used.
Background
Over 70,000 knee replacements are performed in the United Kingdom each year, and this number is steadily in-creasing [1] . The commonest indication for knee replacement remains degenerative osteoarthritis of the knee, and the majority of patients undergoing this operation are over 65 years of age. The vast majority of procedures are successful and patients report significantly improved pain and function in the immediate and long-term post-operative period [2] . However, the risk of post-operative complications remains; most notably, prosthetic loosening and instability, leading to prosthesis failure and the need for revision surgery. This occurrence is estimated at less than 1% per year, with an overall rate of 5% -10% at 10 years [3] . Prosthesis failure is a significant problem, particularly in younger, more mobile patients and in patients who are obese [4] . To combat this, several models have been designed with the aim of optimising the bone-prosthesis interface and kinetics, to improve functionality and long-term prosthesis survival.
There are currently over 50 different models of knee prosthesis in use in the United Kingdom. This broad selection of prosthesis options, in combination with the variety in patient factors, makes the choice of an optimum prosthesis for a replacement a not insubstantial task. In reality, the choice of materials for prostheses is effectively limited by the uncompromising nature of the knee joint, which creates high stresses on the surfaces in contact with the prosthesis, especially during mobilisation. Most prostheses use a combination of a metallic femoral component and a tibial component made from ultra-high molecular weight polyethylene. There are manufacturers who are exploring ceramic femoral component design. One available model has a zirconium oxide based surface (Oxinium), and is showing promising results in patients at five-year follow-up [5] . Another example is an alumina ceramic model which in laboratory studies appears to show reduced wear between articulating surfaces [6] . However as yet neither of these models has longer-term data on patient outcomes.
There are many considerations for prosthetic design. Choices must be made between unicompartmental and total replacement, the use or absence of a cemented tibial component, the use of posterior stabilised (posterior cruciate ligament-sacrificing) versus a cruciate-retaining prosthesis, fixed versus mobile bearing prosthesis, and even gender-specific prostheses [7] . In one study, by Robertson et al. [8] the cementless total knee replacement appeared to have a 1.4 times increased risk of prosthesis failure compared with total knee replacements with cemented tibial component. Even this result however does little to make the choice of prosthesis easier, as on closer inspection the risk of failure of prosthesis was strongly linked to infrequency of use of the prosthesis in knee replacement operations and hence potential lack of familiarity of the surgeon with the prosthesis used. The difficulty of choosing any particular model of prosthesis is compounded by the lack of studies comparing long-term patient outcomes following knee replacement using a wide variety of the available prostheses.
This study uses patient scores on the OKS tool to try and address the dearth of data on post-operative functional outcome between prosthesis models. We retrospectively analysed data on long-term functional outcomes in 1635 patients who had a knee replacement, using fifteen different prosthesis models, in a large District General Hospital in Yorkshire, UK. The OKS is a 12-item questionnaire which was designed for the assessment of patient symptoms and knee function, before and after a total knee replacement [9] . It has been shown to be valid, highly internally consistent and reproducible cross-culturally [10] [11] . It also correlates closely with patients' clinical status, as well as other knee scoring systems such as the American Knee Society (AKS) and relevant parts of the Stanford Health Assessment Questionnaire (HAQ) [9] . It is designed to be completed by patients, originally with a scoring system ranging from 12 (poor) to 60 (good) (Figure 1) . The original scoring system was later found to be counter-intuitive and has been modified to range from 0 (poor) to a maximum of 48 (good) [12] . We used the modified OKS in our study.
In this paper we provide a direct comparison between a large number of prosthetic designs, over an extended period of time, with the aim of obtaining information about the influence, if any, of the choice of prosthesis on long-term patient outcomes after total knee replacement.
Methods
All patients who were scheduled to undergo a total knee replacement in Scarborough General Hospital completed an OKS in a face-to-face interview with a nurse specialist. Questionnaires were filled in pre-operatively and at post-operative follow-up at 3 months, 12 months, 2 years, 5 years and 10 years. Data was obtained retrospectively on 1635 patients from April 1996 to April 2008, for procedures including primary and revision replacements. Fifteen different models of prosthesis were used. We also obtained data on patient demographic details, operation performed, the operating surgeon, patient health status and complications (if any). There were 691 male and 944 female patients. The average age was 70 with a range from 34 to 94. No exclusions were made based on complications or patient outcomes. The patients did not all have data available at all the different time points in this study. Several patients did not have a documented pre-operative score. To aid interpretation of the results, two sets of data analysis were performed. In the first, all available patient data was analysed to an end point of 10 years. In the second, patients who had no documented pre-operative OKS assessment were excluded from data analysis, leaving a total of 787 patients operated on with ten different models of prosthesis, and follow-up data available up to 5 years postoperatively. Data analysis was performed by a specialist statistician using SPSS software. The table illustrates the models of prosthesis that were used ( Table 1) .
We analysed the OKS reported by patients across the prostheses in use at the different time intervals (preoperative, 3 months, 12 months, 2 years, 5 years and 10 years). Table 2 illustrates the patient numbers at follow-up, and percentage lost to follow-up ( Table 2 ) at each time interval, for all fifteen models of prosthesis. Overall follow-up rates averaged 48.0% at 3-months and 58.1% at 12 months but only 7.6% at 5 years. This reflects the fact that some of the older models of prosthesis (most notably 3M, MG and STL) were followed up predominantly in the medium-to long-term (five to ten year post-operative periods) while others (such as NEX) have good data in the short term, but not in the long term.
Results
The average OKS score pre-operatively was 15.8 (range 11.0 to 19.5), and at 3 months post-operatively was 39.4 (range 34.0 to 40.9) ( Table 3 ). This was statistically significant for all models of prosthesis in the series with available pre-operative scores. Similar results were obtained at 12 months and beyond. There was no change in the OKS from 3 months onward to 2 years and beyond for all models of prosthesis.
Comparing data between the different models of prosthesis yielded no statistically significant differences in the average OKS between different models of prosthesis at any of the five post-operative time points studied (Figure 2) . Table 2 . Total patient numbers and losses to follow-up by 10 years.
Total The NLPS had apparently worse scores and the ROT.H had apparently better scores in the medium term but with the very small sample size the results were not statistically significant. Although there were no pre-operative scores for a number of models of prosthesis (usually the older models), patient outcomes at 5 and 10 years postoperatively where available were comparable to the 5 and 10 year results of the newer models. Smaller numbers of patients were seen in the longer term follow-up groups due to patients being lost to follow-up. Separating out the data for those patients who had both pre-and post-operative scores yielded some interesting results ( Table 4) . Although the total length of follow-up was only to 2 -5 years in this group (Table 5) , similar results to the initial larger patient group were obtained, with an average pre-operative OKS score of 15.8, increasing to 39.3 at 3 months post-operatively (p value = 0.326). The difference between the lowest-scoring prosthesis (LPS) and the others was not statistically significant, although the fact that there was only one patient in the LPS group biases this data. As before, there was no statistically significant change in the OKS from 3 months post-operatively to 10 years for all models of prosthesis with available data (Figure 3) .
Thus, in this group of patients with available pre-and post-operative OKS scores we find a statistically significant increase in the OKS from the pre-operative to 3 month period, maintained at least as long as 2 years and up to 10 year post-operatively. We report no statistically significant difference in outcomes across all the prosthetic devices used (p = 0.226).
Discussion
Our study did not find any significant difference in patient outcomes regardless of the model of prosthesis used. Patients reported significant benefit from total knee replacement by 3 months post-operatively, with the average OKS more than doubling. This benefit was maintained in the long-term, as shown by the minimal change in OKS score from 3 months to five years post-operatively. This strongly suggests that long-term functional outcomes, at least as determined by the OKS, are not influenced by the design of the prosthesis.
There is limited research comparing a broad range of prosthesis models over an extended period of time. Other studies with more limited scope in terms of patient numbers and length of follow-up appear to support our findings. As reported previously, the degree of familiarity of the surgeon with the prosthesis appeared to be a striking determinant of post-operative outcome [8] . Dermengian et al. [2] reviewed a number of studies comparing outcomes using a variety of prosthesis models over follow-up periods ranging from 12 months to 5 years. There were no convincing differences in outcomes in any of the studies comparing cruciate-sacrificing versus cruciate-retaining prostheses [13] Form-12, EuroQol-5D ) and the need for additional surgery. The results up to two years post-operatively showed that functional status and quality-of-life scores were low at baseline (pre-operatively) but improved markedly across all trial groups following knee replacement (mean OKS 17.98 at baseline and 34.82 points at two years post-operatively); this outcome is similar to our results. They reported no evidence of any differences in clinical or functional outcomes between these patient groups at two years.
There has been a recent drive towards investigating the possibility of improving patient outcomes using custom-designed prostheses. One study examining the outcomes of custom-designed prostheses took patients' preoperative computed tomography images and used these to model individualised prostheses [17] . These patientspecific prostheses would be associated with increased operative costs, which could be justified if there was evidence of significant overall long-term benefit to the patient. This requires further development and evaluation with well-designed clinical trials.
Our study had a number of limitations, one of which was the number of losses to follow up. This had a number of causative factors, including patient non-attendance at clinic and patient death. Some models of prosthesis were only used in a small number of patients, limiting the statistical power of the study. Also, for some of the older models, no pre-operative scores were available, so no direct comparison between patient outcomes preand post-surgery could be made. However, for a large patient series over an extended follow-up period (up to 10 years), we are able to show no evidence of any difference in functional outcome in patients for any of the fifteen models of prosthesis used.
Conclusions
The search continues to find the optimum prosthesis for knee replacement. Due to the many available designs on the market, it is imperative that the surgeon makes an informed choice about the ideal prosthesis for each patient. With current demographic trends and a rapidly increasing demand for this procedure, an understanding of the ways in which prosthetic design can influence post-operative outcomes in terms of the risk of complications, as well as functional and quality of life outcomes for patients, is crucially important.
Based on currently available data from our study and the literature available, we can conclude that at this point in time, there is no convincing evidence that any of the models and designs currently in use offers any advantage over any other. Further research using prospective randomised studies with larger patient numbers and lower rates of attrition would be beneficial in further exploring this evolving field.
